Domotics is a subject taught in Engineering and in Technical Training and refers to the methods followed to introduce the technology of service automation in housings and buildings. One of the most important aspects while learning this subject is the design of installations to satisfy a set of requirements. In order to design and to test these installations it is necessary to carry out practical works with expensive and dangerous materials. In this situation the use of a computer-supported collaborative learning environment can be a good complement to facilitate this engineering task and to provide a social dimension of learning by creating group work habits. In this paper we present a proposal of a teaching model for this discipline and a telematic environment developed to give support to the realization of practical works of domotical design in group.
INTRODUCTION
Many computer environments support collaborative work to make some kind of design. In this design an artefact, document or object is produced as a result of a collaborative process. According to Streitz [1] , the main characteristics of any design process are the following ones:
-it is a complex problem solving process, which consists of solving several subproblems by means of specific activities, -it is the construction of an artefact that verifies some specific requirements; the designer makes up the artefact by means of blocks, -it is usually a social process that involves a group of individuals. Therefore, facilities to support the cooperation and collaboration should be included in an authoring environment.
In particular, a discipline in which design tasks are carried out is Domotics. It is taught in Engineering and in Technical Training, and refers to the methods followed to introduce the technology of service automation in housings and buildings. It can be defined as the set of elements that, installed, interconnected and controlled automatically in a housing, liberate the user of the routine actions carried out every day and provide, at the same time, the optimization in comfort, in energy consumption, in security and in communications.
One of the important aspects to study in Domotics is the design of installations that satisfy a set of requirements. For this, the realization of practical works is of great importance. However, the necessary material to carry out these works is usually very expensive and in many cases its availability is low. This problem increases since it is difficult to bring the student to real situations, to reproduce accidents and to deal with chaotic situations which can happen in the real world and whose design should be taken into consideration.
In general, the use of computer-supported learning environments can mean a good complement to overcome this problem. However, when the domain is complex -this is the case of Domotics-, the fulfilment of the learning objectives in an effective and efficient way can depend directly on the design of the learning environment. Regarding this subject, alternatives as the incorporation of collaboration among the users can improve the learning processes. It is a contrasted fact that to incorporate collaboration in learning activities based on problem solving allows that students organized in groups can solve more complex problems than when they carry out it in an individual way, generating discussion and argumentation processes that motivate reflection and drive to learning [2] .
The design of domotical installations is a complex domain that requires solving design problems. This solution involves a design task consisting of building a model or artefact applying engineering methods. This model or artefact should satisfy some requirements and should be subject to some previously well-known constraints. Thus, the learning of this discipline is a complex task. We have developed a system supporting the learning of the domotical design to improve the learning process. In this development we have approached some tasks: -Constructing a model of the domain to facilitate its interpretation and its computational processing. -Defining a learning model of the domotical design to allow the identification of the activities and tasks that the students should approach. -From the identified tasks, extracting the most important characteristics of a software system to support them.
The development of the first task is described in depth in [3, 4] . In this paper we focus on the description of the learning model we have designed and the foundations supporting it (section 2), as well as the more important collaborative tools it incorporates (section 3). In section 4 some ideas that situate the system in the context in which it is used are pointed out. Finally, we highlight the most important conclusions that have been obtained with this work.
A COLLABORATIVE LEARNING METHOD FOR DOMOTICS
Domotics is a particularly interesting design domain. It studies the integral automation of housing and buildings. This is a growing area of electric and electronic engineering. This discipline is taught as a subject in Technical University Colleges of Industrial Engineering and in Technical Training in Secondary Education. In order to develop a method of collaborative learning of domotical design we follow the conceptual framework provided by the Computer-Supported Collaborative Learning paradigm (CSCL) [5] .
Diverse learning methods have been proposed for CSCL. One of them is the ProblemBased Learning (PBL) [6] . PBL is a case-centred and learner-directed method of instruction in which learning is carried out by solving real or simulated problems with some well-defined objectives. This method is frequently used in different areas related to engineering learning [7, 8] . Some authors [2] have developed methods that describe how to exploit the PBL characteristics in computer-supported collaborative environments. The main objective of these methods is to provide learning support by means of collaborative problem solving.
We outline a design learning situation consisting of collaborative problem solving, in which two kinds of users take part, as follows:
• As we have previously pointed out, the teachers propose the realization of activities. An activity is a mechanism that allows them to propose a problem for its resolution to a group of students. In our model, the activities of domotical design learning are structured in two differentiated phases ( Fig. 1 ): (i) Planning of Design, and (ii) Design and Simulation. In each of them diverse cognitive exercises are carried out. In the first phase in the solution of a problem the students reflect about the elements that will be part of the solution and plan the general actions that they should carry out to build it. In the second phase, they execute the plan, refining the design and defining the properties of the elements of the solution. Once the design has been materialized, they verify its behaviour by means of simulation. The tasks that they carry out in the first phase are more reflexive, while the tasks in the second phase are more spontaneous and interactive. Collaborative Planning aims to motivate the interaction of a student group within a structured process in order to reach consents reflecting the viewpoint of all of them. This concept is used in many group work processes, especially those related to business activities integrating tasks. We use the concept of Collaborative Planning of Design [3] to model activities of learning of design strategies. These strategies are sequences of design actions that should be carried out to build an installation model satisfying a specification defined in a problem. This design phase is structured in two concurrent stages: (i) individual construction of design proposals, and (ii) discussion of the proposals among the group members.
In the individual construction of a design, the learners, in an individual way, reflect on, plan and define the steps that determine the strategy to follow in order to build the model that satisfies the requirements specified in the problem formulation ( Fig. 1-a) . That is to say, they define the solution and the way to reach it. The justification of this individual planning task is due to the results obtained in diverse experiences carried out with real users [9] . To support this task we have developed a tool named PlanEdit [10] , which, by using an intermediate and abstract representation to specify the design and with expert knowledge represented in form of optimal plans of design, adapts to the learner's performance and advises him/her on which actions would be the best to approach at every moment.
When a proposal has been built, it must be presented to the group in order to be discussed ( Fig. 1-b ). In the discussion and argumentation of the proposals two cognitive practices are developed: designing and collaborating. The participants discuss asynchronously on the solution, on their form and on the steps taken to carry out in order to obtain it. This way, at this stage a proposal will be obtained in agreement ( Fig. 1-c) , reflecting the viewpoint of each participant. This proposal is the plan to develop in the following phase of the learning model we propose.
Before checking the validity of the model proposed in the first phase, the learners should define the attributes associated to the objects of the model, to their relationships and to the model itself ( Fig. 1-d) ; that is to say, to execute the plan. Since this is a highly interactive task we think that this task can be carried out by means of a synchronous collaborative tool based on the direct manipulation of the domain objects [11] . Later on, the students have to test the model experimenting with it by means of simulation ( Fig. 1-e ). This way, they can determine if the model solves the proposed problem. When the design model does not behave as expected, it can be re-design in order to correct the faults observed.
THE DOMOSIM-TPC ENVIRONMENT
In order to implement the aforementioned model of domotical design learning we have developed a system called DomoSim-TPC. This system is used for the configuration, realization, analysis and storage of activities of collaborative learning of design. It is organized in workspaces. A workspace is a structured area for the elaboration and exchange of information and that offers a set of tools to carry out the activities. DomoSim-TPC includes workspaces supporting the following tasks:
• problem definition and management of learning activities, • collaborative problem solving, • communication and coordination, • analysis of learning activities.
In the next subsections, we describe the most important characteristics of the tools incorporated in each workspace.
Problem definition and management of learning activities
The users of DomoSim-TPC are classified in two general categories: teachers and students. This classification requires a first level of role administration in which access rights are defined in the context of the system. The users are organized in work groups for the realization of the design activities. These groups are made up by one or more students and they can be coordinated by one or more teachers (generally by only one). The environment includes a tool for the management of the information relative to the users and their characteristics [12] .
In our model, a domotical design problem is characterized by the following elements:
• identification and summarized problem formulation,
• characteristics of the house in which the problem is situated,
• information of the environment or context in which the house is located, • requirements, constraints and necessities of the services and of the management areas to automate as well as their general characteristics, • sub-problems that are necessary to solve and in which the problem can be structured.
DomoSim-TPC offers the functionality needed for experts and teachers to define new problems and study cases [12] . An activity in DomoSim-TPC is defined by a problem formulation to be solved by a group of students following some norms relative to the work in group and getting some degree of help from the system. The problems and the activities are stored in an organizational memory maintained by the system. Thus, the reuse of information in different situations and contexts is aimed. In the same way, we make the responsibility of the problem definition and of its educational objectives falls on the teaching professionals, with the aim of fostering a realistic process and effective learning.
In this kind of activities we need mechanisms to establish norms relative to work in group. Regarding the norms that are defined for the participants in an activity and the involved community, we highlight norms affecting the conversation structures available during the discussion and argumentation processes in the Planning of Design, and norms affecting the assignment and work distribution during the Design and Simulation.
The way of discussing the individual proposal of a plan will depend on these norms. From the viewpoint of the teachers, this functionality offers important possibilities to define the cognitive characteristics of the tasks to carry out. That is to say, besides varying the problem type it allows them to settle down how the communication among the participants should be to solve the problem. In the Design and Simulation task these norms allow the teachers to define what mechanism to use in order to come to agreements in the synchronous processes of proposition and voting. There are two possibilities: democratic models and proposal-based models.
Collaborative problem solving
This workspace provides tools to support the phases of a domotical design learning activity, as we have described previously. In order to keep the two-phase structure of a learning activity these tools are organized in two sub-workspaces: (i) Collaborative Planning of Design, and (ii) Design and Simulation.
Collaborative Planning of Design sub-workspace
In this sub-workspace three tools for individual planning of design (individual elaboration), argumentative discussion about the design strategies (collaboration) and results organization (results) are included. These tools are accessed by means of a user interface that has been constructed using tabs (see figs. 2, 3 and 5).
The tool for individual planning of design is called PlanEdit. A plan is specified as a partially ordered set of generic actions for the construction of a model. PlanEdit allows the learner to interactively define design strategies represented by mean of design plans. The tool adapts to the characteristics of the problem to be solved and to the strategy that the student adopts. For this purpose, an analysis based on the expert knowledge of the domain and on the user behaviour guides the user towards the best possible solution. For this, the tool includes a tutoring model and a student model for each user. These aspects are described in [10] . Figure  2 shows the user interface of PlanEdit. This is structured in separate areas: the problem formulation, the list of tasks to carry out to solve each sub-problem, the icon bars representing design actions/operators, the sequence of design actions already planned, the current action under construction and a set of buttons dedicated to support several general functions. The design actions that the student has to choose are displayed in the user interface by means of icons in toolbars (icon bars to compose actions). They are grouped in four categories according to the components of an action: the kind of action, the management area, the plan of the house and the domotical operator. When a student has built a design plan he/she has to present it to the rest of the group members arguing and justifying his/her design decisions. This model is inspired in which the learners follow in a traditional present laboratory. The students that carry out practices of domotical design generally work in groups of two or three people on a panel in which they distribute their work and review, justify and explain the actions that they are carrying out and the design decisions that they are taking in a process of constructive feedback. In order to incorporate this way of working in a telematic environment a tool for the discussion about a problem (or sub-problem) should be available. To materialize it we adopt a discussion model inspired in the Conversation Based on Topics related with the tasks that the students have to solve to build a design model [13] .
To structure the communication actions or contributions that the user can carry out, they are grouped in several categories that are independent of the domain. We consider as a contribution any intervention of the participants or of the system that is reflected in the discussion process and is related with other contributions. In a first level, and according to the purpose of a contribution, they can be contributions of specification, elaboration or communication. The specification contributions define the characteristics of the activity that the group has to carry out and of the problem that the students have to solve. These contributions are automatically generated by the system starting from the definition of the activities carried out by the teachers. The elaboration contributions are carried out by the students to propose a design plan previously built in an individual way with PlanEdit to the group. The aim of the communication contributions is to facilitate the criticism and justification of the elaboration contributions. Figure 3 shows the user interface of the discussion and argumentation tool. In the centre there is a hierarchical structure in the form of reversed tree that is used to organize and relate the contributions. This structure is called Scheme of the Discussion and Argumentation Process. On the right, diverse interaction buttons are presented. We emphasise those buttons whose purpose is the management of the information shown in the scheme of the process and those whose purpose is to facilitate the posting of contributions and, this way, to make possible the dialogue among the participants. These buttons are enable or disabled depending on some aspects as the kind of selected contribution and the characteristics of the dialogue defined by the coordinator (teacher). For example, if the coordinator considered that questions were not allowed, the button Preguntar (Ask) will always be disabled. The content of the selected contribution can be visualized with the respective button. This visualization depends on the kind of contribution. Mainly, they can be design plans (Fig. 4-a) or text messages (Fig.  4-b) . The button labelled as Llevar a Editor (Move to Editor) will only be enabled when a contribution of design plan type is selected (proposal or counterproposal). This operation consists in transferring the resolution strategy defined in the selected plan to PlanEdit so that it can be modified in an individual way. With the aim of reducing the distance among the users, since they do not work in a local environment, and in accordance with some computer-human interaction principles, at the bottom of the interface on the right (see Fig. 3 ) there is an area used to show the pictures of the participants. Thus, when a contribution from the scheme is selected, the picture of the user who emitted the contribution is shown in this area. In addition, when the user changes the selection in the list associated to the picture, besides seeing the names of all the participants, their corresponding pictures are shown. In order to organize the results of the Collaborative Planning of Design process the metaphor of the Table of Contents is used. This way we seek to give support to the organization, presentation and access to the final solution elaborated and agreed by the group. In the table of contents only the contents generated by the group appear, unbound from the process followed to obtain them (see Fig. 5 ). The first element of the table is the identification of the activity and the identification of the group coordinator who proposed it. Next, the epigraphs corresponding to the sub-problems in which the proposed problem was divided appear. These epigraphs are represented using two different icons. The first one (a cross) indicates that the problem does not have a solution in agreement yet and, therefore, it does not have a result associated. The second one (a tick) is used when the epigraph has already a solution in agreement. In the next and last level the contents are located. These are the design plans which specify the strategy to follow for the construction of a model as well as the characteristics of the model itself.
The results obtained in this phase serve as a starting point for the following phase of detailed design and simulation in group. For this, an intermediate representation is generated, which reflects the objects constituting the model, their properties and their relationships. The system, in an automatic and user-transparent way, generates this representation when the discussion process concludes and the group solutions are reached. We highlight that the language used to specify the intermediate representations is based on XML with the aim of facilitating the manipulation of the models generated using another type of external design tools.
Collaborative Design and Simulation sub-workspace
In this sub-workspace [4, 14] the students have to collaborate to carry out two tasks: (i) to build a detailed model starting from the model planed in the previous phase and (ii) to validate it using simulation techniques. In the first task, the students follow the interaction paradigm of direct manipulation in a collaborative electronic whiteboard, using actions of edition, relationship and parameterisation of operators. The design is made on the plan of the house, which is obtained from the problem definition. The students can access a detailed textual formulation of the problem at any moment. This formulation, which includes the problem requirements and constraints, is built automatically starting from the problem definition.
With the simulation task the students experiment with the designed model following a collaborative discrete event simulation. Thus, the students observe how the automation services installed in the house behave. But, besides observing the evolution of the model, the students can act on it so that the effects of these actions are perceived by all the participants. That is to say, we use a procedure of collaborative and interactive simulation. For example, they can carry out manual changes such as to switch operators on/off, to open/close doors, to raise/lower blinds, to simulate the presence of a person in a room, to break a cable, etc. in order to check how the model reacts. For this, they also use direct manipulation of domain objects.
In both tasks an additional collaborative support offering communication, coordination and awareness functionalities is required [11] . The simulation tool [11] is organized in a similar way as the design tool: the evolution of the model is shown in the collaborative whiteboard, and the communication, coordination and awareness elements are kept; the design toolbars are replaced by simulation action toolbars, and new panels showing specific simulation information are added to the user interface; functions to start, pause and stop the simulation are also incorporated.
Additional tools for communication and coordination tools
The objective we pursue with the inclusion of this kind of tools in the environment is to provide supplementary mechanisms of communication and coordination. Using these tools the students will be able to exchange information following less rigid protocols that those used in other workspaces. The presence of this kind of utilities is fundamental in telematic applications dedicated to support group and distance learning [15, 16] .
In DomoSim-TPC the following tools have been incorporated:
• Electronic messaging. This tool is similar to the electronic mail, but in contrast, it is integrated in the system to facilitate the message management and to provide advanced functions of awareness such as the picture of the sender. As a distinctive characteristic, each message can have a specific type (communication, coordination and system) and can be public, visualizable by any user of the same group, or private, accessible only for its addressee.
• Last news board. It shows the last events that have happened during the activities as well as the notices for the group coordination. The system also uses this tool to inform the users of the actions carried out by the rest of group members.
• Online electronic chat. It allows users to establish sessions of exchange of instantaneous messages. In this tool the communication channels also correspond to the activities and work groups.
• Session agenda. It allows users to organize and to manage the work calendar of each group.
All these tools can be used by teachers as well as by students. In [3, 4] a detailed description of these tools can be read.
Analyzing collaborative learning activities in DomoSim-TPC
Once an activity has finished the teachers need to draw conclusions and evaluate information. The main problem for them is to organize the great volume of information registered in the system and related to: the elaboration of results, the discussion and argumentation of the results, the characteristics of the generated products and the users' interaction with the system. This information can be used to infer attitudes relative to the users and to the group.
In order to carry out an assisted analysis we select several factors to study:
• The tasks of individual planning that will generate plans to built solutions to the proposed problems.
• The collaboration originated in the discussion and argumentation process in which the students justify, question and explain the decisions taken while elaborating the plans.
• The interactive collaborative process of carrying out the plans, which produces a design, and the validation of this design by means of simulation.
• The relationships observed between the elaboration process, the collaboration and the models built.
• Some cognitive aspects related to the skills that the students achieve.
The method of analysis of DomoSim-TPC which study these factors is based on Fussy Logic and is described in depth in [17] .
USE OF THE ENVIRONMENT
This environment is being used in centres of technical training and university studies of engineering in Spain to give support to the realization of practical exercises in face-to-face as well as distance education.
The involved teachers have defined an organizational memory of problems that they use in teaching activities of this discipline. Although the preparation of these problems and the configuration of the activities have involved an additional effort, in part as a consequence of the domain complexity itself, the number of cases that they have been able to approach and their difficulty is higher to the number that could be approached using traditional means without computer support.
After diverse experiences with the system, the teachers have transmitted us the following conclusions:
-Using this approach and the developed system, the teachers have brought the students closer to the reality of the problems that they could face in their professional activity.
-From the perspective of the work that the students carry out, the solutions reached in group are of higher quality, and also, the process to build them is shorter. -The creation of work group habits is motivated among the students and the students' learning of how to express, justify and value ideas is promoted.
Since the results of our position in the domain of Domotics learning have been positive, we are considering their extension to other domains such as Computer Programming in firstyears university courses [18] .
CONCLUSIONS
We have proposed a model of collaborative learning of the domotical design inspired in the CSCL paradigm and in the PBL method. To materialize this model we have developed a telematic system. The system includes tools for activity management, collaborative planning of design, execution of the plan, and verification of its behaviour by means of collaborative simulation.
This environment is being used in centres of Technical Training and in Engineering University Colleges in Spain to give support to the realization of practical exercises both in face-to-face and in distance education. In this context, the use of computer-supported collaborative strategies to provide improvements in cognitive processes as well as in the capacities and habits for group work is considered an innovation.
Some components of this system and its technological infrastructure are completely independent of the application domain. This allows them to be used to approach learning in other domains that follow the learning model proposed. The components that are domaindependent, for example, the tools of individual planning and of collaborative design and simulation, need to be adapted to cover the specific characteristics of the new domain to which they will be applied. This circumstance is emphasised in the case of Programming learning in first-years university courses, which is the domain in which we are currently focusing our efforts.
